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Fig. S1. Relative transcript expression levels in tissue-specific RNA-seq data sets. Range of 
expression for all RNA transcripts in each tissue-specific RNA-seq data set used for comparisons 
is expressed as a z-score (see Methods). 
 
Fig. S2. Embryonic stem cell lines with knock-in of a 3XTy1 epitope tag at the Gmnn or 
Zic1 locus. (A) Ty1-Gmnn mRNA detected in clones 3 and 66, using Ty1 forward and Gmnn 
mRNA reverse primers. (B) Amplification across the Ty1-Zic1 junction in genomic DNA from 
Ty1-Zic1 clones 6 and 8 and subclones (using Ty1 forward-R3 Zic1 primers). (C) Expression of 
Ty1-Gmnn detected in targeted ES cells by immunoblotting for Ty1 (top panel, green) and 
Gmnn (bottom panel, N18 antibody), with GAPDH (red) as a loading control. NT control=non-
targeted ES-E14TG2a ES cell line. 
 
Fig. S3. ChIP-seq dataset read data. ChIP-seq data sets were obtained for two biological 
replicates per clone (aggregated reads shown) and for two clones per sample type, after 
performing Gmnn ChIP-seq in ES cells and in NE and Zic1 ChIP-seq in NE. Control samples 
(cont ES/NE) involved Ty1 ChIP performed in parallel using the same ES cell line (ES-
E14TG2a) that does not express the Ty1-Gmnn or Ty1-Zic1 proteins. Total, mapped, and non-
redundant uniquely mapped reads are shown. 
 
Fig. S4. ChIP qPCR validation of ChIP-seq and ChIP-chip peaks in ESCs. (A) Examples of 
peaks obtained for Gmnn by ChIP-seq in both ES cells and in NE. (B) ChIP qPCR with the Ty1 
antibody was performed in the Ty1-Gmnn knock-in ES line and in ES-derived NE. (C-D) ChIP-
qPCR validation of peaks obtained for Gmnn using ChIP-chip in ES cells, using either the N18 
Gmnn antibody used for ChIP-chip (C) or using the Ty1 antibody in the Ty1-Gmnn knock-in ES 
line. In A, B and D, control samples (cont.) involved performing Ty1 ChIP in parallel with 
experimental samples using an ES line that does not express Ty1-tagged Gmnn. Negative=mouse 
negative control ChIP primer set1 from Active Motif (see Supplementary Table S5). p-values: 
***=<0.001 and **=<0.01. Error bars represent standard deviation of a representative qPCR 
performed in triplicate. 
  
Fig. S5.  GO analysis of genes that are Gmnn-associated in ES cells or in NE or that 
undergo Gmnn-dependent H3K9 acetylation. Results are shown for all genes (left) or for 
those genes with two-fold enriched expression in ES cells relative to E14 CNS (right).  
 
Fig. S6. Gmnn and Zic1 expression during ES-NE fate acquisition. Expression levels of 
pluripotency and neural marker genes and of Gmnn and Zic1 were defined in ES cells and in ES 
cell-derived NE at days 1-3 by quantitative RTPCR. Fold changes are shown relative to levels in 
ES cells (=1.0). Error bars represent standard deviation for a representative qPCR performed in 
triplicate.   
 Fig. S7. Geminin and Zic1 do not co-immunoprecipitate. HA-tagged Gmnn and Myc-tagged 
Zic1 were co-transfected into HEK293 cells and nuclear extracts were immunoprecipitated (IP) 
with an HA antibody. While both proteins were expressed, as detected by HA and Myc 
immunoblotting (IB), there was no evidence of Gmnn-Zic1 interaction.  
 
Fig. S8. Gene regulatory networks in neural cell fate acquisition. Gmnn- and Zic1-associated 
genes in NE that encode transcription factors and epigenetic regulatory activities were assessed 
for co-association with Sox2 and Sox3 in ES-derived NE (see text). The set of these genes that 
exhibit CNS-enriched expression (>two-fold greater expression in E14 CNS, relative to ES 
cells), and were associated with Gmnn and/or Zic1 plus Sox2 and/or Sox3 were used to build 
gene regulatory networks showing associations.  
 
Tables S1-S4. Gmnn-associated peak locations in ES-derived neuroectoderm (NE)(Table 
S1) and in ES cells (Table S2), Zic1-associated peaks in NE (Table S3), and promoters 
subjected to Gmnn-dependent H3K9 acetylation (Table S4).  Peak locations and nearest 
transcription start site are indicated.  Complete sets of raw and processed data, from which these 
final peak lists were derived, were deposited in GEO as GSE81595 (Superseries of datasets 
GSE77246 and GSE81450). 
 
Table S5. Primers used for ChIP qPCR and RTPCR analysis. (A-B) ChIP qPCR primer pairs 
for (A) Gmnn-associated locations (B) and Zic1-associated locations. (C) qRTPCR primer pairs. 
 








